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@ Serially attached video adapter. 

© A circuit arrangement (adapter) for attaching a display 
device to a serial I/O channel is disclosed. The circuit ar- 
rangement captures a serial message of indeterminate 
length and places said message unit into a refresh RAM in 
a synchronous manner during non-display periods. The 
circuit arrangement includes a microprocessor (24) whose 
address and data buses (48, 26) are coupled to a micro- 
processor RAM (80) and through control circuitry to the 
address and data buses of a refresh RAM. Data is trans- 
ferred at high speed from the serial I/O channel to the 
microprocessor RAM. When the microprocessor executes a 
read command, the microprocessor RAM is placed in a 
"read mode'* while the refresh or display RAM (32) is placed 
in a "write" mode. Data at the address selected in the 
microprocessor RAM is transferred to an identical address 
in the refresh RAM. Similarly, data can be transferred from 
the refresh RAM into the microprocessor RAM. Thus, the 
execution of a single command at a single address results 
in the selection of two RAMs. 
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SERIALLY ATTACHED VIDEO ADAPTER 

The present invention relates to interface circuit 
arrangements in general and more particularly to interface 
circuit arrangements that connect I/O devices to data 
processing systems. 

Either a parallel communications network or a serial 
communications network has been used to provide 
communication between a data processing system and I/O 
terminals. Such I/O terminals may include displays, 
keyboards, scanners, etc. Most data processing systems and 
related I/O terminals differ in their designs and/or 
operation. In order to provide a somewhat standardized 
communications network an adapter is often used to capture 
and/or deliver data and other information to or from the 
communications network. 

In the case of a parallel communications network the adapter 
is attached to a parallel data bus. When the I/O terminal 
is a display unit, data is read out of or written into a 
display random access memory (RAM) during a non-refreshed 
period (typically during horizontal and/or vertical 
retrace). Since this is an asynchronous event, relative to 
the bus timing, a read/write (R/W) control logic performs 
the synchronization necessary to get data into or out of the 
RAM during a non-display period. Although this technique 
works well for its intended purpose, it has several 
drawbacks including the fact that, a multi-wire data bus is 
needed. Such multi-wire data buses are usually costly. in 
addition, the main engine or system microprocessor which 
places data on the multiplexor bus must wait for the adapter 
or be interrupted by it. 

In the case of a serial communications network, a data 
format conversion circuit associated with each terminal is 
located at the parallel data processing system for 
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converting parallel data to serial data and transmitting the 
serial data on a pair of lines running to each terminal. In 
most systems, two additional lines are used for carrying 
serial data from the terminals to the data processing 
system. The serial data is delivered to another data format 
conversion circuit which converts the serial data into 
parallel data. In this arrangement, at least two data format 
conversion circuits are needed at the central data 
p roc essing sys tern • 

In an improvement aimed at reducing the component count of 
the prior art circuitry, U.S. Patent 4,377,848 describes a 
data distribution interface in which a single data format 
conversion circuitry is used at the data processing system 
to effectuate parallel to serial conversion and vice versa. 

It is therefore the general object of the present invention 
to provide a more efficient interface circuitry for 
attaching an I/O device to a serial communications link. 

The interface circuit includes a microprocessor having its 
own serializer/deserializer . Data is received from a host 
processor, via the serial communications link, and is placed 
into the working storage area of the microprocessor. Once 
the serial message has been received, the local processor 
manipulates the data and places it at the same address that 
it would be in if it were in the refresh memory of a 
display* At a preassigned time (preferably the vertical 
retrace time) the address bus of the microprocessor is 
switched into the address bus of the refresh memory. The 
microprocessor then executes a "read" instruction on its own 
working storage area but at an address which is identical to 
the address in refresh memory which is to be updated by data 
stored in the microprocessor working storage area. The 
processor's working storage area is placed in a "read" mode 
while the refresh memory is placed in the "write" mode. The 
data bus of the processor is switched into the data bus of 
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the refresh memory. As a result, the data which is read 
from the processor working storage area is transferred to 
the refresh RAM to update the contents therein. Similarly, 
a single "read command" can be used for transferring data 
from the refresh RAM into the microprocessor RAM. 

Fig. 1 shows a block diagram of a computing system embodying 
the teachings of the present invention. 

Fig. 2 shows a block diagram of the invention according to 
the teachings of the present invention. 

Fig. 3 shows the details for a read/write control circuitry. 

Fig. 4 shows a flow chart for programming the adapter's 
microprocessor. 

Fig. 5 shows a truth table for the read/write control 
circuitry. 

Detailed Description of the Preferred Embodiment 

Fig. 1 shows a distributive computing system wherein the 
adapter of the present invention may be used. The 
distributive computing system includes a main microprocessor 
identified by numeral 10. A plurality of high speed serial 
communications links identified by numerals 12, 14 and 16 
interconnect the main processor 10 to a plurality of 
adapters identified by numerals 18, 20 and 22. Each adapter 
in turn interconnects an I/O device (not shown) to the high 
speed data link. By way of example, adapter 22 can be used 
to connect a printer to the main processor. Likewise, 
adapter 20 may be used to interconnect a keyboard (KYBD) to 
the main processor. Finally, the adapter 18 may be used to 
attach the video display device to the main processor. 
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In a typical installation , such as may be found in a store , 
data is collected by the I/O devices, processed by the 
respective adapters and is transferred over the serial data 
link to the main processor. Likewise, data for a particular 
device is transferred over the data link via the adapter to 
the respective I/O device. 

Although the present invention may be used in other 
environments, it works well in attaching a video display 
device to the main processor of Fig. 1 and as such will be 
described in that environment. However, this should not be 
construed as a limitation on the scope of the present 
invention since it is within the skill of one skilled in the 
art to make minor changes and/or adjustments to the 
below-described adapter without departing from the scope of 
the present invention. 

Fig. 2 shows a block diagram of the adapter according to the 
teaching of the present invention. The adapter includes a 
microprocessor unit (MPU) identified by numeral 24. The 
microprocessor unit is the main controller for the adapter. 
To this end, the I/O port of the adapter is coupled to the 
serial I/O link. The microprocessor further includes a 
serializer/deserializer (not shown) which accepts serial 
data from the serial I/O link, converts it into parallel 
data and outputs it on MPU data bus 26- Furthermore, the 
microprocessor is programmed to generate and place a control 
signal called "MPU to Display" on one of its output PINs. 
In Fig. 2 the signal is generated and is provided at PIN 
(Pl.l). Of course, the signal could have been placed on any 
other output pin. As will be explained subsequently, the 
function of this signal is to inform the read/write control 
circuitry identified by numeral 28, (details to be given 
later) to generate the necessary control signals that enable 
data recorded in the storage area identified as MPU RAM 30 
to be transferred into the second storage means identified 
as display or refresh RAM 32. The MPU to display signal is 
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supplied over conductor 34 to the read/write control 
circuitry. Similarly, a signal identified as "Display to 
MPU" is generated by the microprocessor unit and is 
outputted at PIN (PI. 2). The function of this signal is to 
inform the read/write control circuitry to generate the 
appropriate signals which enable data to flow from display 
RAM 32 into MPU RAM 30. The Display to MPU signal is fed 
over conductor 36 into read/write control circuitry 28. 
MPU 24 also generates and outputs, a write (WR) signal and a 
read (RD) signal. The read and write signals are fed over 
conductors 40 and 42 , respectively, into the read/write 
control logic circuitry. As will be explained subsequently, 
when MPU 24 executes a "Read Command" and the selected RAM 
is placed in the read mode, the other RAM is placed in the 
write mode and the information which is read out of a 
particular address from the RAM that is in the read mode is 
written into the identical address in the RAM that is in the 
write mode. 

MPU 24 further provides an address latch enable (ALE) signal 
which is fed over conductor 44 into latch 46. When the ALE 
signal is active, the low order byte of the address which is 
generated at port 0 and fed over MPU data bus 46 is latched 
into latch 46. It should be noted that although the control 
signals are shown in Fig. 2 to be taken from named ports of 
the microprocessor, this should not be construed as a 
limitation on the scope of the present invention since the 
ports are interchangeable and other ports can be used to 
provide the signals which are used to control this adapter. 
Also, any collection of logic, including, but not limited 
to, any off-the-shelf microprocessor which is manufactured 
as a device controller may be used to replace MPU 24. In 
the preferred embodiment of this invention, microprocessor 
unit 24 is an 8051 8-bit microcomputer manufactured by the 
Intel Corporation. The operation and construction of this 
microcomputer is described in the Intel descriptive 
literature and as such details of the microprocessor will 
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not be given here. Also, latch 46 includes 8 latches or 8 
D-type flip-flops fabricated in a single package by Texas 
Instruments, Inc., and identified by catalog number 74LS373. 
The electrical details and characteristics of this latch 
means are fully described in the literature provided by 
Texas Instruments and can be consulted for detailed 
information relative to the operation and structure of these 
devices. 

Still referring to Fig. 2, the data bus 26 is connected to 
latch 46, cathode ray tube controller (CRTC) 50, MPU RAM 30, 
and transceiver (XCVR) 52. The CRT controller 50 provides 
the interface between the MPU 24 and a raster-scan CRT 
display. This is an off-the-shelf device and details of the 
construction and electrical circuitry will not be given 
here. Suffice it to say that in the preferred embodiment of 
this invention the MC6845 CRT controller manufactured by 
Motorola was used. Details of this CRT controller can be 
obtained from the Motorola literature. The CRTC address bus 
(57) is connected to multiplexor (MVX) 54. Also, a 
character slice address bus (56) is fed to character 
generator ROM (Read Only Memory) 58. The function of the 
signal on bus 56 is to provide the address at the particular 
horizontal slice of the character to be displayed to the 
character generator ROM (58) . The combination of the 
character slice address generated by CRTC (50) and the 
character itself generated by display RAM (32) provide to 
the character generator ROM (58) an address that points to 
the particular slice of a particular character. This slice 
output from character generator ROM (58) is applied to shift 
register (66) which converts it to a serial data stream 
(video, 67) which is used to turn the beam on and off on a 
RASTER scan CRT display. 

Clock pulses are generated by clock 60 and are fed over 
conductor 62 to the CRTC 50 and over conductor 64 to shift 
register 66. 
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Still referring to Fig. 2, the MPU address bus 48 is coupled 
to the display RAM address bus 68 by multiplexor means 54. 
A signal called "Select" and identified by numeral 100 is 
fed from read/ write control logic circuit 28 into the 
multiplexer 54. The function of multiplexor 54 is to select 
which address bus is applied to display RAM address bus 68. 
The "select" signal (100) is used to determine which source 
the multiplexor (54) uses to apply addresses from. in one 
state, the CRTC address bus (57) is selected, while in the 
other state the MPU address bus (48) is selected. 

In the preferred embodiment of this invention, 3 multiplexor 
fabricated by Texas Instruments and identified by the 
manufacturer's number SN74LS157 connected in tandem were 
used. Of course, other multiplexor configurations may be 
used without departing from the scope of the present 
invention. 

Display RAM address bus 68 connects the display RAM 32 to 
the multiplexor 54. Also, display RAM data bus 70 couples 
the display RAM 32 to the character generator ROM 58. 
Transceiver 52 couples the display RAM data bus 68 into the 
MPU data bus 26. The transceiver 52 is an off-the-shelf 
device whose function is to allow asynchronous two-way 
communications between data buses. This device allows data 
to flow from the display RAM data bus 70 to the MPU data bus 
26 and vice versa. in the preferred embodiment of this 
invention the 74LS245 transceiver manufactured by Texas 
Instruments was used. 

Still referring to Fig. 2, the control signals that enable 
the above components so that data flows from display RAM 32 
into MPU RAM 30 or from MPU RAM 30 into display "RAM 32 is 
generated by read/write control logic circuit means 28. The 
control logic circuit is activated by a read, write, MPU to 
display or display to MPU control signals which are 
generated by MPU 24 and are fed over conductors 42, 40, 34 
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and 38 f respectively, into the read/write control logic 
circuit 28. The read/write control logic circuit means 28 
processes the input signals and generates therefrom a 
display RAM read (OE) signal, a display RAM Write (WE) 
signal, an MPU RAM Read (OE) signal, an MPU RAM Write (WE) 
signal, an XCVR enable signal, a XCVR direction signal and a 
MUX select signal. Each of these signals is fed over 
appropriate conductors into XCVR 52, MPU RAM 30, display RAM 
32 and MUX 54. For example, the MUX select signal is 
generated on conductor 106; the XCVR direction signal on 
conductor 108; the XCVR enable signal on conductor 110; the 
MPU RAM OE signal on conductor 112; the MPU RAM WE signal on 
conductor 114; the display RAM OE signal on conductor 116 
and the display RAM WE signal on conductor 118. 

Fig. 3 shows the details of read/write control logic circuit 
means 28. The circuit includes a pair of NAND logic circuit 
blocks identified by numerals 70 and 72, respectively. The 
read signal from the MPU is fed into one input of NAND block 
70 while the signal on the other input to NAND block 70 is 
the output from NOR block 74 via inverter 76. The output 
from NAND block 70 is fed over conductor 78 into NOR block 
80. The other input to NOR block 80 is fed from NAND block 
84, NAND block 84 is a two-way NAND block which is supplied 
by the read signal and the MPU to display signal from the 
MPU. Likewise, NAND block 86 is a two-way NAND block and is 
supplied with the read signal and the display to MPU signal. 
The output from NOR block 80 is a read signal which is 
identified as MPU RAM OE. The write signal to the MPU RAM 
(MPU RAM WE) is outputted from NOR block 82. The input to 
NOR block 82 is formed from the output of NAND blocks 72 and 
86, respectively. NAND block 72 is a two-way NAND block 
which is supplied by the write signal and the output from 
NOR block 74 via inverter 76. 

The output enable to XCVR signal is generated from NAND 
block 88. The output from NAND blocks 84 and 86, 
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respectively, are fed into NAND block 88. The Select Line 
to multiplexors signal is generated from NOR block 74. The 
input signals to NOR block 74 are comprised of the Display 
to MPU and the MPU to Display signals. 

The read signal to the RAM identified as (Display RAM OE) 
(Read) is generated by NAND blocks 90, 92 and NOR block 94. 
The inputs to NAND blocks 90 and 92 are read signal, the 
Display to MPU signal, and the MPU to display signal. The 
output from NAND blocks 90 and 92 are fed over respective 
conductors to NOR block 94. 

Finally, the write signal to the display RAM identified in 
Fig. 3 as Display RAM WE (Write) is outputted from NAND 
block 96. The input to NAND block 96 is supplied from the 
display to MPU signal and the read signal. 

Fig. 4 shows a flow chart for programming the 8051 MPU so 
that a copy of the information in the MPU RAM can be 
transferred to the display RAM. It should be noted that for 
a copy of the display RAM to be transferred to the MPU RAM 
PI. 2 (Fig. 2) should be set and cleared rather than Pl.l. 
Also, the input conditions are that the data pointer (DPTR) 
should be set to the starting address of the RAM to be 
copied and that register RO (in the MPU) contains the number 
of bytes to be copied. 

Still referring to Fig. 4, block 96 defines the first step 
in the process to control the processor. The first is a 
functional one that requires the output PIN Pl.l (Fig. 2) to 
be set to a logical "0." From block 96 the program descends 
into block 98 where an MPU read command is executed by the 
processor. The program then descends into block 100 where 
the address pointer and a counter are incremented. The 
program then descends into block 10 2 where it determines if 
the full range of addresses is copied. If the full range of 
address is copied, the program descends into block 104 where 
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it sets Pl.l to a logical "1" and exits the routine. 
However, in block 102, if the full range of addresses was 
not copied, then the program enters into a loop and 
continues copying and updating the address counter until the 
full range of addresses is copied from one buffer into the 
next. As stated previously, the same routine can be used to 
effectuate the data transfer from the display buffer into 
the MPU buffer. In that event, the PIN Pi. 2 (Display to 
MPU) is set instead of Pl.l (MPU to Display). 

Fig. 5 shows the read/write logic truth table for the logic 
circuit of Fig. 3. The first four columns of the table 
represent the input signal which is outputted from the MPU 
24, Fig. 1, into read/write control logic circuit 28. The 
next seven columns represent the output signals which are 
generated from the read/ write control logic circuit 28 as a 
result of the input signals. Finally, the last column in 
the table represents the function which is provided. The 
symbols in each column represent the state of the named 
signal. Thus, in order to do a normal processor read the 
signal on the read line into the logic circuit means has to 
be in a down state. The write line has to be up, the MPU to 
display has to be a logical 1, and the display to MPU has to 
be a logical 1. On the output, the MPU OE signal is down, 
the MPU write signal is a logical 1, the display read signal 
is a logical 0, the display write signal is a logical 1, and 
so forth. As is evident from this first example, the table 
is self-explanatory and as such each function will not be 
described. It should be noted that in reading this table 
the symbol indicates a low level active pulse. This 
concludes the detailed description. 

Having described the detailed configuration of the adapter, 
its operation will now be given. In operation, when data is 
received from the host processor (Fig. 1) , the data is 
placed into MPU RAM 30, Fig. 2. With the data in MPU RAM 
30, MPU 24 manipulates the data at the same address that the 
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data would be in if it were in display RAM 32. Stated 
another way, common or identical addresses in MPU RAM 30 and 
display RAM 32 are used to store identical data. At 
vertical retrace time the processor address bus is switched 
by multiplexor means 54 into the display RAM address bus 68. 
The processor then executes a read instruction at the 
addresses in display RAM 32 that are to be updated by data 
contained in MPU RAM 30. The processor memory is placed in 
read mode while the display RAM 3 2 is placed in write mode. 
Data busses of the display RAM and the MPU RAM 30 are 
connected via transceiver 52. Each address that the 
processor reads from MPU RAM 30 is written into the display 
RAM 32 at the same location. By going through a sequence of 
addresses during non-display periods, data is updated in the 
display RAM 32. This process works in reverse as well by 
putting the processor RAM in write mode while reading from 
display RAM 32. As a result, this adapter takes a serial 
message of indeterminate length and puts it into the display 
RAM. 
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12 
CLAIMS 

An adapter for interfacing a display device with a 
serial data link comprising: 

a first storage means operable for storing data being 
supplied from the serial data link; 

a second storage means operable for storing display 
data? 

an address bus coupled to the second storage means; 

a data bus coupled to the second storage means; 

a microprocessor coupled to the serial data link and 
operable for generating enabling signals; 

a common address bus interconnecting the first storage 
means and the microprocessor; 

a common data bus interconnecting the first storage 
means and the microprocessor; 

a first control means operable for controlling the flow 
of data between the data bus and the common data bus; 

a second control means operable for interconnecting the 
address bus and the common address bus; 

a third control means being responsive to the enabling 
signals and operable for enabling the control means so 
that upon the execution of a first command by the 
microprocessor data residing at a selected address in 
the first storage means is being transferred to the 
identical address in the second storage means and the 
execution of the first command by the microprocessor 
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data residing at said selected address in the second 
storage means is being transferred to the first storage 
means. 

2. The adapter of claim 1 further including means coupled 
to the second storage means and operable for generating 
a stream of video data for displaying on said display 
device. 

3. The adapter of claim 1 wherein the storage means 
includes a RAM device. 

4. The adapter of claim 1 wherein the third means includes 
combinatorial logic circuitry operable for monitoring 
predetermined logic levels at said microprocessor and 
to generate a series of enabling signals. 

5 . An adapter for interfacing a display device with a 
serial data link comprising: 

a first storage means operable for storing data being 
supplied from the serial data link; 

a second storage means operable for storing display 
data; 

an address bus coupled to the second storage means; 

a data bus coupled to the second storage means; 

a microprocessor coupled to the serial data link and 
operable for generating enabling signals; 

a common address bus interconnecting the first storage 
means and the microprocessor; 
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a common data bus interconnecting the first storage 
means and the microprocessor; 

a first control means operable for controlling the flow 
of data between the data bus and the common data bus; 

a second control means operable for interconnecting the 
address bus and the common address bus; 

a third control means being responsive to the enabling 
signals and operable to cause the selection of the 
first and the second storage means upon the execution 
of a single command by said microprocessor. 

A method for moving (transporting) data within a 
computing system having at least two storage devices 
and a microprocessor for controlling said computer 
system comprising the steps of: 

providing a common data bus for interconnecting the 
microprocessor and the storage devices; 

providing a common address bus for interconnecting the 
microprocessor storage devices; 

providing switching means for controlling the flow of 
data on the respective buses; 

enabling the processor to perform a read operation; 

placing one storage device in a read mode; 

placing the other storage device in a write mode, and 
setting the switching means thereby enabling data to be 
transferred from one storage device into the other 
storage device. 
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